flank pain. The overall average of agreement, as indicated by kappa values, was 0.88 for UECT and 0.61 for IVU. Conclusion: UECT showed better detectability and interobserver agreement tan IVU, suggesting that UECT could replace IVU as the first imaging modality in the evaluation of acute renal colic.
Introduction
Urolithiasis is a common disease in Kuwait with an average annual incidence of hospital admissions of 43.44 per 100,000 population [1] . This rate is almost two times that in England [2] . These patients mainly represent with flank pain [1] . Here, imaging plays an important role in diagnosis as well as management by identifying the size, site and composition of the calculi [3] [4] [5] .
For several decades, intravenous urography (IVU) has been the primary imaging modality in the evaluation of these patients. Since the introduction of spiral or helical computed tomography (CT) in clinical practice in 1990, many centres have replaced IVU by CT for diagnosing acute renal colic. This is because the size and site of the calculus can be more accurately evaluated by CT than IVU. CT also gives an approximation of calculus density, predicting the response to treatments like lithotripsy as well as giving an indication of the best follow-up modality [6, 7] . Unenhanced spiral CT (UECT) has shown higher sensitivity, specificity and diagnostic accuracy as compared with IVU in the detection of urinary tract calculi and alternative causes of acute flank pain [8] [9] [10] [11] [12] [13] .
The purpose of this study was (i) to compare UECT to IVU for detecting urinary tract calculi, signs of obstruction and non-renal causes in the assessment of acute flank pain, and (ii) to investigate whether UECT will enable radiologists to produce more matched consensus reports than IVU by measuring interobserver agreement between 2 experienced radiologists.
Patients and Methods
This prospective study was carried out on 36 patients, 27 males and 9 females, over a period of 1 year at a university hospital. Mean age was 44 8 15 years (range: 14-73 years). The patients presented with acute flank pain and clinical diagnosis of urolithiasis and underwent IVU within 24 h of performing UECT. The study initially included 83 patients, of whom 47 were later excluded as the IVU was not performed within 24 h of UECT. This was to rule out any change that might occur spontaneously or due to treatment during this interval.
The study was undertaken after obtaining approval from the hospital Ethics Committee. The patients were informed about the study, especially the extra radiation dose, and written consent was obtained. This resulted in recruiting a small number of cases from a total of 1,834 patients who presented with acute flank pain during the study period.
UECT and IVU images were blindly evaluated by 2 experienced specialist radiologists who were blinded to the results of the other technique. The parameters evaluated were the ability to determine the presence, position and size of the calculi, secondary signs of obstruction such as hydroureter, hydronephrosis, nephromegaly, standing of perinephric fat, rim sign, and the detection of non-urinary additional findings [14] .
UECT studies were performed using single-slice helical CT, Philips Aura 1.3, Philips Medical System, Nederland BV, The Netherlands. The reconstruction slice thickness was 5 mm. IVU studies were performed using 140 kVp and 100 mA, and the radiographs were taken at 0, 5, 15 and 30 min after injection, and immediately after voiding. The contrast medium used was 1 ml/ kg of iohexol (300 mg/ml). Both procedures were carried out on the same day.
The two techniques were compared using the two-tailed McNemar's test for matched pairs; p values ! 0.05 were considered significant. Measurements of agreement (kappa), which range from -1 to +1, were calculated for the independent readings made by the 2 radiologists and were considered good when 1 0.70. ( table 1 ) , while IVU could detect stones in only 8 (57.1%). The other 6 patients ( table 2 ) , who were found positive for the presence of calculi by UECT, were reported by IVU as being either negative (3 patients) or equivocal (3 patients). Using only the matched consensus findings by the 2 readers for the presence of urinary tract calculi in UECT and IVU, UECT detected stones in 11 (30.6%) patients ( table 3 ), while IVU detected stones in 8 (22.2%). The difference between the two modalities, however, was not found to be statistically significant (p 1 0.05). The increased detectability of UECT was due to its ability to detect smaller stones ( ! 6 mm) than IVU (6 stones for UECT vs. 1 stone for IVU). UECT was also found to be better than IVU in the determination of calculus position, detection of primary and secondary signs of obstruction, and for identifying non-urinary causes of flank pain. However, this difference between the techniques was significant only for the detection of secondary signs of obstruction (p ! 0.05).
Results

UECT detected stones in 14 patients
Analysis of interobserver agreement (kappa) is shown in table 1 for UECT and in table 2 for IVU. The overall 
Discussion
In this study, UECT performed better than IVU for the detection of urinary tract calculi. This was not statistically significant, possibly due to the small sample size. These results are consistent with the higher detection capability of UECT over IVU reported previously [11, 12] . According to these studies, UECT has a sensitivity and specificity of nearly 100% in evaluating patients with acute flank pain, haematuria or both. Another prospective study comparing UECT and IVU in patients presenting with acute renal colic showed 98.5% sensitivity for detecting ureteral calculi by UECT as compared to 59% by IVU [11, 12] . It was concluded that the diagnosis of ureteric stones could be made confidently by UECT.
UECT showed better agreement values, which ranged between 0.83 and 1.00. The values were better than those reported in another recent study (0.66 and 0.69 for stones on the right and left side; 0.79 and 0.52 for stones in the ureters and the kidney) [15] . The better agreement observed in the present study may be attributed to interpretation of the images by experienced radiologists as well as the multiplanar reformatted reconstruction capability.
The present findings show that in addition to increased detectability and improved interobserver agreement, UECT was more effective in detecting non-renal causes of flank pain; additional non-renal causes of flank pain were found in 13.9% of the patients on UECT compared to only 5.6% on IVU. This observation is in line with previous studies which showed that UECT was able to diagnose alternate causes of acute flank pain rather than renal calculi in 6-13% of patients [16] [17] [18] [19] [20] [21] . In a study [21] where 1,500 patients presented with acute flank pain, 1,064 (71%) had alternate or additional findings on UECT. In another study [18] where 1,000 patients underwent unenhanced helical CT for suspected renal colic, 100 (10%) patients had an alternative or additional significant diagnosis, which could be confirmed in 87 (8.7%) patients at follow-up. Detection of ureterolithiasis mimicking alternative abdominal abnormalities by CT in acute settings has a significant impact on patient management [21] . Immediate management is required in cases of pyelonephritis, appendicitis, ovarian torsion, ascending colonic diverticulitis, and acute spontaneous splenic rupture, haemorrhage due to renal arteriovenous malformation, cholecystitis, pancreatitis and aortic dissection [18, 22] .
The other advantages of UECT over IVU include its ability to detect smaller-size calculi, absence of side effects (renal toxicity, allergic reaction) from intravenous administration of iodine-containing contrast medium, and its speed (5-30 min for UECT vs. 80 to more than 100 min for IVU). These make UECT a preferred imaging modality as the first-line investigation in acute renal colic.
Conclusion
UECT seems to be more effective than IVU in the evaluation of acute flank pain with higher interobserver agreement. This, combined with the lack of side effects and time required, makes UECT better suited than IVU as the first imaging modality for the evaluation of acute renal colic.
